Abstract. The red-emitting phosphor Sr2CeO4: Eu3+, Sm3+ was synthesized by conventional high-temperature solid-state method. X-ray diffraction, and photoluminescence spectra were used to characterize the as-synthesized phosphor. In Eu3+ singly doped Sr2CeO4 phosphors, Eu3+ ion showed a weaker 7F0-5L6 transition at 395 nm with a narrow line and could not be efficiently excited by the NUV-LED chip. In Sm3+, Eu3+ co-doped Sr2CeO4 phosphors, the energy transfer from Sm3+ to Eu3+ in Sr2CeO4 host is observed and investigated in detail. The absorption band around 404nm was broadened and the intensities of the main emission line (5D0→7F2 transition of Eu3+ at 614nm) were strengthened because the energy transfer from Sm3+ to Eu3+. Moreover, The chromaticity coordinates of Sr2CeO4: Sm3+ can be regulated to approach the NTSC standard values of red phosphor by codoping Eu3+ ions. The photoluminescence properties suggest that novel Sr2CeO4: Eu3+, Sm3+ phosphor might have a potential research value on white-LEDs.
Introduction
In recent years, White light-emitting diodes (W-LEDs) have been called as the new generation of solid state lighting source with its long lifetime, low energy consumption, Small volume, high luminescence efficiency and environmental-friendly characteristics [1, 2] . The most general strategy of producing white light is to employ the yellow phosphor YAG:Ce 3+ with the blue LED chips [3] . However, due to the lack of a sufficient red emission component in the visible spectrum, this combination leads to low color-rendering index (CRI) and high correlated color temperature (CCT), which limited their potential applications [4] . With the development of chip technology , alternatively, another the commonly method is coating the near ultraviolet (NUV) LED or UV-LED chips with the primary tricolor (RGB) multi-phased phosphors [5] . Unfortunately, some problems also appear. Such a multi-phosphors combination, leading to decreased luminous efficiency due to reabsorption of different emission colors [6] . Moreover, the efficiency of Y 2 O 2 S:Eu 3+ red phosphor among the tricolor multi-phased phosphors is much lower than that of the green and blue phosphors. In addition, the lifetime of the Y 2 O 2 S:Eu 3+ is inadequate under NUV irradiation for its instability [7, 8] . Consequently, it is urgent to search for novel and highly efficient red phosphors that can be excited by NUV (350 -420 nm).
A suitable red-emitting NUV-LED phosphor should meet the following necessary conditions in general: the host is stable, the phosphor exhibits strong and broad absorption around ~400 nm , which matches well with the radiation of NUV-LED chip, and the phosphor shows high efficiency under NUV excitation and with the chromaticity coordinates near the NTSC (National Television Standard Committee) Standard values.
In order to search for red-emitting phosphors with high efficiency and proper CIE chromaticity coordinates, the Eu 3+ -activated phosphors are primarily considered. The trivalent europium ion is well-known as a red-emitting activator due to its particular spectral character [9] [10] [11] . In the past work, We have already reported Eu 3+ ion doped Sr 2 CeO 4 due to their absorption band around 395 nm, which matches with the radiation of NUV-LED chip [12] (99.5%) was added to serve as flux. Then the homogeneous mixture obtained was put into an alumina crucible and calcined in a muffle furnace at the temperature of 1200°C for 6 h, and finally the sample was ground thoroughly into powder for measurement after being cooled down to room temperature.
The phase purity of prepared samples were performed on a Rigaku D/MAX-2400 powder X-ray diffractometer (XRD) with Ni-filtered Cu Kα radiation (λ= 1.54178 Å) operated at 40 kV and 60 mA. The 2θ ranges from 10 ~ 80° with the scanning step of 0.02°. The emission and excitation spectra were recorded using an FLS-920T fluorescence spectrophotometer equipped with a 450W Xe light source. The CIE chromaticity coordinates of all samples were calculated by "ZolixColorConvert 1.0" program (Beijing Zolix Instruments Co., Ltd.). All the measurements were performed at room temperature. Figure 1 . The XRD patterns of Sr , the sharp peaks ranging from 340nm to 450nm corresponding to the f -f transitions of Eu 3+ and Sm 3+ ions. Among them, relative to the broadband excitation, the f -f transition absorption peaks are very weak, it's almost impossible to observe. Therefore, the inserted figure shows the 350 ~ 500 nm enlarged excitation spectra of (a) Sr 1 is a special kind of matrix, and its maximum vibration frequency of lattice is lower(<600 cm -1 ) [17, 18] . When the Eu 3+ is doped, the lower lattice vibrational energy is not enough to fully couple the transition from 5 D 1 to 5 D 0 , so the transition emission of higher 5 D 1 excited state energy appears. Table1 gives the specific attribution of emission peaks in emission spectra. The dominating emissions peak is around at 614 nm corresponding to the transitions 5 D 0 → 7 F 2 of Eu 3+ ion. In addition, From the emission spectra of Eu 3+ and Sm 3+ co-doped sample, we could see that there is no emission peak of Sm 3+ in the emission spectrum, which is mainly the characteristic emission of Eu 3+ . The preliminary analysis is that there is a certain energy transfer between Sm 3+ and Eu 3+ . In order to further show that there is a energy transfer in Eu 3+ and Sm 3+ co-doped sample, we analyzed the emission spectrum under 404 nm excitation. From the excitation spectrum of Sr 1.85 CeO 4 : 0.05Eu 3+ ,0. 1Sm 3+ (in the inserted Fig. 2(b) ) , it is found that a extra small sharp excitation peak at 404 nm ( 6 H 5/2 --4 F 7/2 transition of Sm 3+ ).Therefore, we measured the emission spectra of Sr 1.85 CeO 4 : 0.05Eu 3+ ,0.1Sm 3+ and Sr 1.95 CeO 4 : 0.05Eu 3+ under 404 nm excitation, which the emission spectrum are similar to that of the emission spectrum under the excitation of 394 nm(in Fig. 3 
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